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' Introduction

1

The facilities of the zlicrofiche projector and the plasma panel over-

lap somewhat. eech has Ats unique capabilities and constraints, but in

many cases either can be used. Some authors and site directors consis-

tently choose fiche over plasma, displays, 4A- vl.ce- versa, because they

are convinced one is considerably less expentive. Npwever, to the best

of our knowledge, no. cost,comparisons have been published. This study
A

was Undertaken to explore the costs,associated with each display technique

for those cases where either sufficed. ,A

. .
. t .

.

This repoit was desigped to be non-comprehensive in icope. There-

fore, it is, necessary to put disclaimers on the interpretation of the
i

.

.,

findings contained herein. ,Thdugh they were carefully selected, only
. ..

t .ee graphics producers were.inferviewed. All wece perceived by MTC
..

1

.

' an their colleagues to be dedicated,' hard- working professionals, possessing
. . ,

substantfal experience with b6th the PLATO system and visual media. Their

. ..

expc4ence-s provided them with optimized techniques as well as firm c6nvicl'

tions about "best" weye-afrforming certain. tasks. Nevertheless, they.

I .

disagreed coneiderably'Sbout Uhatthese "best" methods were, and how.long

various tasks might take.; Unfoitunately, theat differences could not be

iesdlved hy gatheringthe graphr6s produce ihto room for a.t,onference.
,

All wee, geographically separated; one was ap longer working on the 'PLATO

system when she was interviewed. Therefore, the reader is' autioned to

weigh carefully any conclusions drawn from this data,

.

6
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The,4isparities in the data suggest that furtjter investigation might

reduce die time and costs for producinePLATO visuals.' In addition to

Providing preliminary data, we hope this report encourages users to'

record and exchange data on production costs and time.

p
t. ._
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_Background

/

40.

Most of the information wai gathered-from iwofull-tide.proYessionals.
. Aj

0/One, a medical illustrator working at Sheppard Air Force Base,'had

.

two years PLATO experience when he made the estimates given it this ..

report. Another' was a long-time CERL staff member who odesigned and.

coordiAted graphics for the elementary reading curriculum development

el ,

program.
1
'Other data were su lied from a "non-artistic" Chanute author

1. who had prepared a sizeable n er of-rhe visuals-aTthat site and who
. $. -

.

had gained,high facility with using the giaphic editors available on.the

PLATO system. The Chanute staff merrier who preicluced graphics, has a

a.S.. in mathematics and was one of the best ana most proficient programmers

at that site. She worked at Chanute for 11/2 Herestimatei of the

time needed to pioduceiraphics was based on experience gained though

August, 1975.

Experience

The Sheppard, medical illustrator and the Reading Group Aesigter
.0

have the resources to produCe either paper drawings, for conversion to
,

fiche, or plasma drawings. The Chanute author typically hid to choose'

'between finding a drawing in a nlnual or text for cOnversion to fiche, or

using a plasma drawing )(that is, there was no Uustra ;or or artistically -'
/

skilled author available to do original work).

Sheppard. The Sheppard medical illustrator divided his line drawings-.

4
into two categories: schematics and illustrations.. Ibis schematic drawings

-
, $

.A..

'The Elementary Reading Project was funded _by the -National Science
Foundation, contract no. .USN$14 C-723. 0 .

, ,
. , \

.

A
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are stylized and simplified so that exact proportion,and. pOsitioning are

not critical. An illustration, however,'must.have exact proportion and
.

Positioning, especially,in this illustrator'sieid, medicine. Since the
I

PLATO system allows animations of'plasma drawings (though not for fiche.
/

imagis), the illdstrator also.inciuded an additional increment of time for

,

that. He estimated his production'time as shown in Table 1.

Tale 1

Sheppard Illustrator's Time Estimates

schematics Illustrations

'fiche 40 -min.,- 5.5 hours

.plasma ' 15-60 min. 90-* min.

+animation 40 min. 3 hours

o

His estimates Caere not based on any sort of log, but-were averages

about which he felt confident. Further, because MTC perceived-ham to have

great artistic ability and a .comparativep difficult .ubject, his eakimates

may not be reproducable at othersites. Nevertheless, his relative esti-

mates for different typesof productiontshould.ba generalizable.

The Sheppard illustrator prepares line draWings for plasma presientation

by sketching first on clear acetate, then physically.superimposing his ,

sketch Over the,plasma panel and tracing in "SD" mode. He feels this

technique saves at least half the time he would spend if 41e worked, from

paper.

Far large drawingi made from 8x16 dot characters,.he u'es the special

character editor directly, again without resorting to paper. A large

,66

I

9
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drawing requirint4,20-25 characters.takes from 30 to 60 minutes, with another

30,minutes needed for animations. Because the, data for drawings.foried from

Characters corresponds closdly-to the data for schematic drawings, no

separi4 entry was made in Table 1.
.,

. - .

1 .

Chanute

I, /

a plasma drawing, the autkor needing her services must find a'drawing or

.

Thet Chat iute'author clalms no artistic ability. For her to produce

. picture (from the proper perspect6e) of what wants. Using'grids,'
;

I.

,she Then. makes a copy of the drawing to proper scale and adds the animation
.

or highlights the details the,author wishes. A simple 'drawing takei

her'four hours, While a complex graphic with animation may take as long'

Has 80 hours. She has no estimate about how icing `it takes the authors
.

she works with to find the drdking.for her ,to copy, but feels that half

an hour is not an overestimate.
)

Reading Group '

The designer -- coordin ator for the Reading Group uses the servicesof

an illustrator in 'every case. The Illustrator prepares a rough-draWing,

1

(.5 hours) which is reviewedby the coordinator and revised by the illui-,

trator'(.5 hours)'. If it is to be drawn from charaCters, it iB then con-
.

verted to dots on a paper grid, corrected, and entered by-the coordinator
)

into the computer. A5py final corrections complete the task. If the -- sketch

is to be conyertedl.to a line drawing, a grid is placed over-the sketch.

.

#
Aided,bY the'grid, the coordinator transfers the draWing to the computer.

- The illustrator's final product (to be converted into a piasma drawing)

could be photograPhed
.

for conversion to microfiche without addional
8

.1
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lAbor by the illustrator. Therefore; the illustrator's time was used in

Table d is the time needed to prepare illustration for conversion to

fiche. His estimate *agrees roughly with thalt.of the Sheppard illustrator

(40 minutes versus 60 minutes). The main difference between the time

estimates or creating plasma drawings arises from creating thefdrawing

on the computer. For the lbading grolip,,,4 this takes from 1.5 to 4 hOurs

depending7on7complexity. The coordinator's rough estimates are listed

in Table 2.

Table 2

Time Estimates -- Reading Group-Coordlparor

*

Time Needed. .

Aberdeen

Fiche T hour

Plasma "(line,

drawing or
2125 Char.
drawing) 2.5-5 hours-

.

I

The Aberdeen final report contains cost estimates for the entire

production process for a 35mm slide (art work, photograph , development

and mounting). Unfortunately, the information in the report is self-

contradictory. Apparently, either a cost of $25 ,or $100 p i r 35mm.slide
; (

. (for sound-on-slide use) was estimated*
. .

4

1

. 4
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The illustrators time is not thelitittogt naurredin.produclig
--..4.

1 . 1

"fiche. The drawings niust'be photographed, developed, mounted, sent"to

.
; ..4

*CERT to be made into a fiche, and, returned to the.(remot0s44.1 The
-

:delays and casts occurring during this process are estimated in thii3

1 '

4

It is'

.

.

eFiqhe'ProdUction

.-

7

off

v-

section.

Chargeable Casts

The typical fiche submitted by.ARPA usersilkur41,1975 contained an

average of slightly fewer than 100-images out of 216 pOsslUe. If the sites-

wefe billed for ',these fiche at the -rate currefitly chatOed other'educational-.

a

2
users, the price for 20 produEtion fiche (i.e., enough finished quality

fiche for a class) would average about $150: This figure'is lower than

the actual cost 'of producing the fiche, but is fell to be a realistic
k-'

cost once the sizeable set-up carges are amortized and the production

has insreased. It was purposely. set loftier than agtu l Costs- to avoid
, .

a "chickenant-egg" problem. (Because of fixed exp ryes and law-initial

demand for fiche, initial costs would have been so high as to discourage .3
*

. 4
increasing use. Thus, Irhigh-volume, low7cost Aituationoouldnever j)e

reached)

The cost for preparing 35mm images pis difficult pinpoila t'precisely.

The CERL microficile/photography staff estimate the cost,for preparing
,

slides from drawings at 100 to $200 per 100 images, bEtsed anarse. and costs,

,accrued while working- with the CU& EIempntary Reading Group. A

ZThe,AAPA contract pay_s'for thesesosts'in the, aggregate, rattier than
on a 'fche-by-fiche baias.

16 *
4111 12
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University of Illinois graphics servile charged CERL about Iii/image for
.

photographing drawings and actual engine components at Chaputt: $2256 foc,

500-600 35mm slides.
3

We considered that this amount was excessive

jespesially considering the quality ofh product) and hence t e figure,
0

.shnuld perhaps be viewed as the top of the costfrrange. Thus,

range of $1 to $4 per image..(based-on a run of 100) reflects(dier

(a)tht difficulty of handling the originals because of variations in size,

positioning, etc., (b) local price variations and (c) the quality of, the

product.

'I

Time Delay Costs

t,
-,

At'Sheppard, it took about three weeks to photograp , develop, and

. . .

motntthe 35mm images. Typically, another two yeeka exp red before a

, .

...40, ..

.
,trial fiche (i.e., not a production run of multiple copies) returned from-

.

CERL. Assuming -onlftexposure corce ctione were needed and no slides hi4 ,

.1.4

to be re-shot, a group of 20 fidished,fiche cou be delivered toothe site.

two weeks later (seven weeks after 'the iiluairations'had been coMfieted).
,

. 1
. .

Chanute developed its own fiche .mucjr of tlw-time. Thdugh some'delays
I .

4
were reduced, feW sites,haveatteipted th dO their own processing. Even-, .

' 111,,,*
. , .

tually, Chanute reverted to CERL processing in order to attain acceptable

quality. On-campus users can, af,course, avoid many of the delays of

shipping (typically,, ow week one -way to Sheppard Air Face-Base in Texas)4

ltdinarily, the extra time delays for fiche production do not increase'
4

40.

A

41,

"."The Sheppard An photolab costs are heavily subsidized: thus actual
goats are;unknown. The billed charge to the Sheppard project was
$0.03 slifle.

.
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the costs nbr Cause much inconvenience (if lesson planning, is coordinated);

.

thus the extta itime needed for the production of fiche is no t reflected

,,

in the c analyses below.

',Delays are ag.io common when "outsiders" request copies of a fiche.

Either a copy muss be borrpwe from the creators or the 35mm images must

be re-photographed., In same cars, the'slides may "still be at CERL;
4

. .
in other cpses the author must ship them to CERL to havethe copy,made.

A torel.delay of a month is common if one pf the parties involvea.is at

a remote site.

4

a
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Comparison of Estimated Costs

Assumptioniwfor Cost Comparison

'he cost comelarison that follows requires several assumptions. The

cost of training and setting up the facilities for production of graphics;

1

is ignofed.,The $10'per hour labor cost is based on assumed direct. salary
0

costs of about $10,000 per year with indiiect costs (light, heat, office

space) and equipmenj doubling the total eifenditure. No consumable supplies

and no computer time were 'included. Training costs were also, ignored.

c
Though training'an illustrator to'inAteplasma drawings surely takes longer

"NP
than training an Illustrator to prepare paper drawings for 35mm photography,

we have no estimates about the training needed for either medium.

The comparison figurep assume a need for 20 copies of a fiche con-

taming 100 images. Non-ARFA user t ypically include more tmages)per fiche,

and based on the current CERL microfiche preparation pfice schedule, they
. .

thereby reduce the "per image" cbst of making a fiche; The setup charge for

fiche' is not large compared to the'cost for copies. For 100 images; the
.

first fiche costs $21.28, copies are $6.76.

, .

TRe economics of the distribution of images is mixed:' plasma drawings

are instantly available without payment to even casual users who access

a lesson, belt they exact a "charge" for the exti4ECS memory required.

Fiche images require preplanning and prepayment in.otder to be available

when needed., but (re frie from recurring ECS costs. Since the cost

estimates'range widely, it'is difficult to compute "break even" points in

terms of the number of copies of a fiche required to match the cost of

plasma drawings, assuming no ECS "cost." Modifications to system

a 15
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architecture may eventually make the extra ECS charge for pladma drawings

irrelevant.
j

do

Cost Comparison

Based on the above estimates of the graphic's producers and the
-

assumption that direct an indirect'salary costs average $10 per hour, casts

can be estimated as iu Tables 3 throug11.6: 4

Table 3

O

Sheppard Cost Data (prOfessional-illfistratoq

Microfiche for Schematics Cost

.67 hour/drawing x 100 drawings X $10/hour $6'67

($1 to $4/slide) x slides $100.to $400-,

1 master + 20 copiei of fiche

Total cost for 20 usable fiche $900 to $1200

Plasma for Schematics

(.25 hour to 1 hour) ;< 100 drawings x $_10 /hour $250 to $1000,
#

Microfiche for Illustrations

5.5 hour/drawing x 100 drawings X $10/hour $5500

($1 to $4 /slide) x 100 slides $100to $400

'Irmaster + 20 copies of fiche $150 '
. .v.

. .

Total cost for 20 usable fiche $5750to $6050

li
a

Plasma fol. Illustrations

(1.5 hour_to 3 hour) -x 100 drawingsx $10/hour 11:500 to MOO',

16
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ti Table 4

Reading Group Data (experienced designer/coordinator)

Microfiche''

1 hour/drawing x 1140.drawings x $10/hour

($1 to $4/slide) x 100 slides

1 master + 20 copies of fiche

Cost

,$1000 .

$100 to$400

$150 .

"Total post for ,20 usable fiche $1250 to $1550 -

#

Plasma

1 hour drawing/sketch' x,100 sketches x $1Q /hour moo

(1.5 to 7 hq coding/sketch) x 100 sketches x $10/hour $1500 to $4000 '.

Tot cost I P500 to $5000
Ao

Note. Cost data were gathered in 1975 and 1976.

a

r

- Table 5

Chanute Cost Data (talented author
k

.

T1ie figure of (4.5 to 80) ours/drawing indicates higher
costs than either of those, given above. A rable coat for
fiche produced at Chanute cannot be estimated. In fact), the

v4.

4.5 to 80 hour figure cited by the Chanute author certainly
includes graphics which could not easily be duplicated with fiche.
Heneethe data is not strictly coiparable, with the data from other
sites above.

am

,

17
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. Site

Sheppard

Chaeliti

'Reading'

'Other Costs

,4 Ut
13

Table 6

Summiry of Capoparative Cost Data -
. ,

Plasma Calms

$250-1000- 000-1200

44500 -80000 [sic]

WOO-59100

Fiche Costs _

not availabl

$12450r1550

In addition to the'time eatimare4 id Tablas 3 through 6. author-

illustrator Consulting timemus.tbe added to bofh fidhe plasm4,

estimatesj 'the illustratpr'trom S-

itakhot'olkarifying,exacrly th

- . , '.

ppard spends,about one -half hour with

purpose of each-drawiiig. The Chanute

.
author alsi par-fAinned-th.i.a--isc -eat -- its-length

.40
Thia consurrint is

. .

"objectives" !APIA. must

a very important step because.each drawin,_has

b communidated to the illustrator. For example'
7 0

. ., .

'-'depending on the objectives or intended use of a drawing.of 4A-auto battery,
.

.. , only
A I,

the battery could be drawn crudely or in great detail,, with a
'-or-, ,

.,.. .-
-"bSckgrdund" showing its positiofi-Ox isolated in spa0 de, from the side or

from the top, with electrical cables attached or without. Ttle importance of

- each of the details mu t be'clear to the..illuatrator. For this reason (an d
.

...

? ' .

.

based on comments from the Chanute author), atfempting to replace an. b

illustrator by maintaining a library of texts,manuals or ether sources
, - * , ,

,

. .
. . . .

graphics may iperease,tor lit leapt will not reliably decrease, the time and
,

of

.
moor ngidod to,p6pare visuals. Because this planning time was not

, .

;
easily:wimated and beCkuse.it,seemed

.

nearly-independegi.of medium, it'
t

., 4%

18
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' * \o' ..
was not iriPtuded.in the previoue,analysis. 'Display planning is.a.real cost,

.',.

4)however. `It takes the time of at least two peop illustoator and :author?'

, .

figures presented above ,

1

.

'apd-may nearly double 96se of the cost
-

.
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. .

The basis for the lack OfconsensUs about costser.producing graphics
, . .

.

on ache versus on the plasma panel'is easier to.understand after viewing
.

. A ,
th'i'data-in Tables 3 through 6.

7 .

ghsrpard Air Ford Base. Based on this data, plasma drawings have a
A-.. .,, _....., ,

. :.
consistent dollar cost saving-over fiche. However, systematic errors in

the illustrator's estimates, improvements to the,production techniques in
.

-. .

one o1 the methods or changes in computer hardware could shift the balance.
/

' /

Indeed ,the Sheppard estimate for plasma drawink tine was reviled downward'. ,x!
Yr j r'

I * 'Y /

' ) beeste feil.,1%.74egnd Spring. 1976 based on' changes to the "SD* feature:' The /,°.

5)4, /
E,'

These c
,

anges reduced the 'time needed fo,prepare plasma drawings to half its
.

original value and thus, reVerlsed the., choice_ of t "-cheaper medium." Though
,

N
the data from the4coordinator of the reading graphics was based on the

'old SD,-a,smaller fraction of her time overall was devoted to entering-infer-
, .... .

. .. .

matron into the comptfter; hence her time savings for the ew SD could not have
s.

-... been nearly large as those for the Sheppard' illustrator. The.Chanute
.. -,

. .

.' huther resigned,her position bet? the new SD became avails le.
7.

t
.

Elementary Reading Group. Based on-the Elementary Readi g group data, .

* Pli,
. 41, .

' plasma diltrings are abut three times as expensive' as fiche. e reason
. .

for the difference betliehri this estimate and Sheppard's has not en

deterdined. Based on interviews with the individuals noted here a- well

as with otl?er ARPA authors, we conclude that even such a Large disc epancy

,could be the resat of unverified estimates and differences in task; 'More,

likely, however., it reflects the additional stepand staff involved n 1!

"20
0
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1

' the Reading group's roductiOn process. There are,- of course, many other

.'oonfoundiug factors as welt 1.)
1 Chanute Air Force.Base. The, Chanute data, though not available in

a form that permeita fiche versus plasma comparisons, suggests that the

41.

on-site illustrators can probably save time ind mbney.fora-moaerate

.:sized (6 to 104authors)curriculum development. 4

Limits of thls Study .

, .

. r ___ .
One conlcusion that.could be dawn from this report is NOT warranted:

that Shepper4-has-the-mast-efficient system and Chanute, the MoSt.costly.
.. .-

.

There are too many differenCes in the dire!, organizatiOn, ancrpurpoaes of
'

.

.
. -

the projects examined for, such w comparison to be Valid. -Mbreover, at each
1. ... .

.

vite,stegf used s9bstantially different production-techniques to create
4

,plasma displays.. It should be noted that the main point that all three

graphics producers agreed upon'was that'"free-lhand" drawing on the plasma
A

,panel is.NOT an efficient technique. 'On the other hand,'the "free-hand"

method le:--useeby 'virtually,every "lone" author and by most small authoying
/ .

groups the ICICsand, PEER staffs know.

Further Study .

... ' ,

.,)

One of the most surprising discoveries reachekky readers of drafts of
. . ...

.
.

.. f
:1144s repOrt was the very large effort required toproduce,graphica of any I

kind for PLATO lessons.' Attempts to take cost-saving.shortcuts have generally
ir

not proved auccessful.
4

As,noted in thepievious paragraph, most
. .

.
' .

.

4
Larry Francis, PLATO'IV Terminal Peripheral Devic s (Urbana, Ill.:

University of Illinois, Computer-based Edutation Research Laboratory, 1916):
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illustraiiOni Are currently being pdepared by etohniques whichthe three

graphiCs producers felt were inefficient. 'This seems like a worthwhile_

subject to be-studied. Testable hypotheses can'be formulated and such a

study might pay for itself quite readily in termsof the man-hours saved,

(Furthermore, 'additional data should be gathered from other graphics

producers, preferably by performinestandatdiged tasks-and logging time.,

. "

. a

-)0

'1
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